i This pap*- or fee is being deposited with the 

rs i » . 9M9ll ,f ^ n/Yed 4 ^^Postal Service "Express Mail 

32359/vgg/j is^ Post Off! J^ddressee' under 37 CFR § 1.10 

32359/VGG/J159 W Mailing Label No EL266377107US 

MOSFET DEVICE AND METHOD OF FABRICATING THE SAME 



BACKGROUND OF THE INVENTION 



Field of the Invention 

The invention relates in general to a multiple T-shaped gate MOSFET device, and 
5 more particularly to a MOSFET device, which can increase the ICs' density and speed 
without physically scaling down the device's channel length and width. 
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\l Description of the Related Art 
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f|| In the process of fabricating a MOSFET device, in order to scale down the device, 

□ both the channel width and length dimensions are shortened. As the attempt to increase 

m 

the ULSI device density and speed continues, the technology in the deep sub-micron 
regime becomes more and more difficult so that it eventually may reach a theoretical 
limitation. As a result, it is impossible to limitlessly increase the device's density and 
speed. In addition, the short channel effect will render the technology even more 
prohibitive. For example, as the channel width and the length dimensions are shortened, 
J 5 punch through of the carriers and the hot carrier effect occur. When the device is even 
more scaled down, the short channel effect becomes especially significant. 

Figures I A to 1H are schematic, cross-sectional views of conventional MOSFET 
device formation processes. Referring to Figure 1 A, a device includes a substrate 1 00, a 
pad oxide layer 102, a silicon nitride layer 104, and a photoresist layer 106. A mask 108 
20 is used to pattern the device. Referring to Figure IB, a trench 107 is formed in the 
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substrate 100 by defining the photoresist layer 106, the silicon nitride layer 104, the pad 
oxide layer 102 and the substrate 100. 

The remainder of the photoresist layer 106a and the silicon nitride layer 104a are 
removed to expose the remainder of the pad oxide layer 1 02a, as shown in Figure 1C. 
Referring to Figure ID, a dielectric layer 1 10 is formed in the trench 107 and over the 
substrate 100. The dielectric layer 1 10 is polished to expose the substrate 100 and form 
a shallow trench isolation (ST1) structure 110a as shown in Figure IE. Then, a gate 
oxide layer 112, a metal layer 114, and a photoresist layer 116 are formed on the 
substrate in turn. Next, a mask 1 18 is further used to pattern the device. 

A gate 1 14a is formed on the substrate 100 by defining the photoresist layer 1 16, 
the metal layer 114, and the gate oxide layer 112 as shown in Figure IF. Then, the 
substrate 1 00 is implanted with ions to form a shallow doped region 1 1 1 in the substrate 
100. Referring to Figure 1G, an oxide layer 120 is deposited on the substrate 100. 
Then, the oxide layer 120 is etched to form spacers 120a besides the gate 1 14a by dry 
etching as shown in Figure 1H. Then, the substrate 100 is implanted with ions to form a 
deep doped region 113. 

The technology will reach a limit in developing high integrity and operating rate. 
When the device becomes smaller the short channel effect becomes especially apparent. 

The references regarding changing the gate shape to increase the integrity and the 
operating rate are: 

1. F.E. Holmes and CA T Salama, Solid State Electron, 17.791 (1974) for V- 



File: 2392usf . r 

shape MOS. 

2. CA T Salama, Solid State Electron, 20.1003 (1977) for U-shape MOS. 

SUMMARY OF THE INVENTION 

It is therefore an object of the invention to provide an improved resolution to the 
conventional MOSFET device. Using a multiple T-shaped gate (utilizing the trench 
technology), device density and speed can be increased without physically scaling down 
the MOSFET' s channel length and width. Once this approach is adopted in the effort to 
miniature ULSI devices, the short channel effect will be of much less concern. 

It is another object of the invention to provide a MOSFET with multiple T-shaped 
gate, wherein the gate length is increased to improve the operating rate and the integrity. 

The invention achieves the above-identified objects by providing a new method of 
fabricating a MOSFET with a multiple T-shaped gate. The fabricating method includes 
the following steps. A substrate with an active region and a non-active region is 
provided. A plurality of trenches are formed in both the active region and the non-active 
regions in the substrate. An insulating layer is formed in the trenches. The insulating 
layer in the trenches of the active region is etched. A thin insulating layer is formed in 
the trenches of the active region and over the surface of the substrate. A conducting 
layer is formed in the trenches of the active region. The conducting layer is defined to 
form a gate. The device is implanted with first ions. Then, the device is further 
implanted with second ions by using a mask, wherein the mask expose the trenches of the 
active region, and the opening of the mask is wider than the trench. 
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The MOSFET device includes at least the following structures. A substrate 
includes an active region and a non-active region, wherein the active region includes a 
plurality of trenches and the non-active region includes a plurality of shallow trench 
isolation structures. A thin insulating layer is formed in the trenches of the active region 
and over the substrate. A multiple T-shaped gate is formed with a first part and a 
second part, wherein the first part is formed between two trenches on the substrate, and 
the second part is formed in the trenches of the active region. A source/drain region 
includes a shallow doped region and a deep doped region, wherein the shallow doped 
region is in the substrate under the first part, and the deep doped region is in the substrate 
besides the second part. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Other objects, features, and advantages of the invention will become apparent 
from the following detailed description of the preferred but non-limiting embodiments. 
The description is made with reference to the accompanying drawings in which: 

Figures I A to 1 H (Prior Art) are cross-sectional views showing a conventional 
process of forming a gate; 

Figures 2 A to 2F are cross-sectional views showing the process steps of the 
method for fabricating a multiple T-shaped gate MOSFET device in accordance with a 
preferred embodiment of the present invention; 



Figures 3 A to 3B are the top views of the MOSFET device as shown in Figure 2F 
and 2G; and 
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Figures 4A to 4D are cross-sectional views of a multiple T-shaped gate MOSFET 
device in accordance with the preferred embodiment. 

DESCRIPTION OF THE PREFERRED EMBODIMENT 

In accordance with the preferred embodiment of the present invention, a multiple 
T-shaped gate MOSFET device is provided to increase the operating rate of the ICs and 
to lower the short channel effect in high integrity ICs. Figure 2A to 2G are cross- 
sectiona! views showing the process steps of one preferred embodiment for fabricating a 
two T-shaped gate MOSFET device. 

Referring first to Figure 2A, a substrate 200 is provided, wherein a number of 
trenches 201 are formed in the substrate 200. A dielectric layer is formed in the trenches 
201 and over the substrate 200 by chemical vapor deposition (CVD). Then, the 
dielectric layer is polished to expose the surface of the substrate 200 and form several 
shallow trench isolation (STI) structures 202 as shown in Figure 2B. The device 
includes an active region 203 and a non-active region 205. 

Referring to Figure 2C, a mask 204 is used to pattern the STI structures 202 of 
the active region 203. The STI structures 202 of the active region 203 are etched to 
expose the trenches 201 and leave the remainder of the dielectric layer 202a on the sides 
of the trenches 201 . The STI structures 202 are used to isolate the MOSFET device. 

Referring to Figure 2D, a thin dielectric layer is formed in the trenches 201 and 
over the substrate 200. The thin dielectric layer formed in the trenches 201 is a side-wall 
oxide layer 202a and over the substrate 200 is a gate oxide layer 206. The thickness of 
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the side-wall oxide layer 202a is about 0. 1 u.m. The side-wall oxide layer 202a is used to 
protect the device from generating parasitic capacitance. Then, a conducting layer 208 
is formed on the device by CVD as shown in Figure 2E. 

Referring to Figure 2F, the conducting layer 208 is patterned to form a gate 209. 
The gate 209 includes a first gate part 209a and a second gate part 209b, wherein the first 
gate part 209a lies on the substrate 200 between the trenches 201 and the second gate 
part 209b is in the trenches 201 of the active region 203. Then, the device is implanted 
to form a number of shallow doped regions 212 in the substrate 200 of the active region 
203. 

Referring to Figure 2G, the device is further implanted to form a number of deep 
doped regions 216 by using a mask 214, wherein the mask 214 is used to expose the 
trenches 201 of the active region 203. The opening of the mask 214 is wider than the 
trench 201. 

Figure 3 A is the top view of the MOSFET device as shown in Figure 2F and 
Figure 3B is the top view of the MOSFET device as shown in Figure 2G. Figure 3 A 
includes the shallow doped region 212 and the gate 209. Figure 3B includes the deep 
doped region 216, the shallow doped region 212 and the gate 209. 

Figures 4 A to 4D show a three T-shaped gate MOSFET device in accordance 
with the preferred embodiment. Figure 4A shows a top view of the three T-shaped gate 
MOSFET device. In Figure 4A, the device includes a gate 300, a shallow doped region 
304, a deep doped region 306, and an oxide layer 302. 
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Figure 4B shows the cross-sectional view taken along the line AA' of the Figure 
4A. As Figure 4B shows, the device includes a substrate 308, the gate 300, the oxide 
layer 302 and STI structures 312. W denotes the channel width of the device. 

Figure 4C shows the cross-sectional view taken along the line BB' of the Figures - 
4A and 4B. As Figure 4C shows, the device includes the substrate 308, the gate 300, 
the shallow doped region 304, and a gate oxide layer 3 10 under the gate 300, wherein L 
denotes the channel length of the device. 

Figure 4D shows the cross-sectional view taken along the line CC of the Figures 
4 A and 4B. As Figure 4D shows, the device includes the substrate 308, the gate 300, 
the shallow doped region 304, and the deep doped region 306. For the device, the 
shallow doped region 304 and the deep doped region 306 form the source/drain regions. 

The preferred embodiment discloses a multiple T-shaped gate MOSFET device. 
The device has "gate legs" dipped into the trenches in the substrate. Between the "gate 
legs" in the trenches and the source/drain junctions, a thicker dielectric layer (>0.1|im) is 
formed to reduce parasitic capacitance. Around the dielectric layer (-0.1 jam in the 
horizontal dimension), the source/drain junctions are doped to a depth as deep as the 
trench to create the transistor action under the bottom as well as at the side walls of the 
trench. With this special structure, the transistor's width is effectively increased by 2///, 
wherein // is the number of trenches and / is the trench depth. This requires 2 extra 
masks in the process: one for the dielectric etch in the trenches (mask 204 in Figure 2C) 
and another for the deep source/drain junction implant (mask 214 in Figure 2G). The 
value of the advantages gained by this invention should exceed the price of the extra 
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mask(s). The effective width of the transistor is increased by 2nt y while the real surface 
dimension can be reduced. For example, if both the trench width and space are 0.5|im 
and t is lu^m, the reduction in the linear dimension of ULS1 circuits will be 50%. With 
this approach, instead of continuing the scaled-down of both W and L in MOSFET, one 
can increase and / to achieve the same purpose, i.e., to increase density and speed. 
The short channel effect will be of much less concern in this approach. 

While the invention has been described by way of example and in terms of a 
preferred embodiment, it is to be understood that the invention is not limited thereto. 
To the contrary, it is intended to cover various modifications and similar arrangements 
and procedures, and the scope of the appended claims therefore should be accorded the 
broadest interpretation so as to encompass all such modifications and similar 
arrangements and procedures. 



